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ABStRACt _ _ _ 

Methods of optimizing ihstructibh through the use bf_ 
course knowledge portrayal methods were studied > based oh a series of 
experiments conducted over 5 years. Sixteen university courses in the 
sciences, social sciences, and humanities were invest igated through 
the application of cognitive theory to instruct ion . Attention was 
first focused oh portraying the knowledge 'Structures in the courses. 
Next, these knowledge structures were used as the basis of research 
into student learning in the course (i.e.^ to measure gains in 
student knowledge and to test the degree to which they predicted 
course achievement j. Current analysis of the knowledge structures 
using feature analysis and network analysis demon str of 
analytic processes required to understand th m^in concepts in the 
course and the degree of concurrence of relationships within and 
between concepts. The research is based on cognitive theory applied 
to instruction. The concept was the unit o£ analyst s; the methods 
were different forms of conceptual analysis^ The application of 
conceptual portrayal to ihstructioh and to learning is illustrated 
with reference to a university course. In addition, a taxonomy 
illustrating relationships between concepts is presented. 
(Author/SW) 
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this study focusses bh methods of optimizing ihstructibri through the uise of 
course knowledge pdrtrdydl methods. In postsecondary educd+idn, student 
dchievemeht depends upon knowing the structure of the subject area and upon 
being dble to apply the relevant analytic processes. The data on which this study 
was based come from a series of experiments conducted over a period of six years 
on sixteen university courses in the sciences, social sciences, and humanities. 
During the first three years, the research concentrated on portraying the 
knowledge structures in the courses. !n the second three years, these knowledge 
structures were used as the basis of research into student learning in the course. 
The knowledge structures were used to measure gains in student knowledge dnd to 
test the degree to which they predicted course achievement. Current drid lysis of 
the knowledge structures using fedture arid lysis dnd network analysis demonstrates 
the kinds of dhdiytic processes required to understand the main concepts in the 
course dnd the degree of concurrence of relationships within and betv/een concepts. 

The resedrch is based on cognitive theory applied to instruction. The unit 
of a.ialysis is the concept and the methods explored here are different forms of 
cbrceptual analysis. The results of these analyses are viewed In conjunction with 
the relationships found between concepts in course material. The application of 
conceptual portrayal to instruction and to learning is lilustrated with reference to 
a university course. ■ 
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Concepts ahci reiatlonshipi 

The minimal, although not necessarily optimal, unit of analysis for d 
knowledge structure is the concept and its relationships. By concept, we rriedh d 
word or phrase which serves ds d Unit of thought or rhedhihg. A concept is hot 
considered to have finite bounddries but rdther d center of density^ although 
fedtures cdh be distinguished. Reldtibnships between concepts are the most readily 
observed dhd codified units of drgahizatidri. 

In dUr resedrch into the knowledge structures of university courses, we 
fccussed oh the closest relationships between key concepts in each course (Donald, 
I983), [t should be noted that we worked with the professor's knowledge structure 
rdther than a general content structure or a curriculum structure. In each of \6 
courses across disciplines, the professor was asked to describe the relationship 
between the concepts he or she had judged closest in the development of a tree 
structure of the key concepts. From these relationships a taxonomy which 
described categories of relationships between concepts was created. 

Kinds of relationships betweer ^ ke^ concepts . 

We could discrimindte two main kinds of reldtiohships: those bdsed on 
cdhgruehcy or sirhilidrity, dhd those bdsed on cdhtihgehcy or dependency (Tdble I). 
In d sdmple of . 252 reldtidnships exdmined between key concepts linked in the tree 
structures of 16 courses, 60 percent were. bdsed on sirhildrity dhd 40 perceht were 
depehdehcy reldtiohships. The most freqUehtly fcuhd relationship (42%) Was 
structurdi or hierdrchidi ih nature, that is, concepts had d set-subset or part or 
kind relatibhship between them. The remaining similarity relationships (18%) were 
more primitive: concepts were associated as parts or kinds of a superordinate 
term, had a feature in common, or had a functional similarity, that is, a similar 
outcome or purpose. These findings suggest that proximal methods of portrayal, 
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as advocated by Carroll & Chdng (l970); Kruskdj (1564); Ndgy (1978); Ydckulic 
(1981), although they do not explain a relationship, do not do injustice to 60 
percent of conceptual relationships, since similarity relationships could be dssurned 
to be proximal by definition. 

The remaining 40 percent of the reldtionships bet\A/een the concepts were 
contingency or dependency reldtidhships^ in which d change in one concept implied 
d cdrrespdridihg change in the other. Procedural relationships (10%) described 
steps, order or sequence; logical relationships (18%) showed a conditional order; 
dhd cdUsdl reldtionships (12%) showed an explicit cause and effect linkage. The 
distribution of dependency relationships differed across courses more than that of 
similarity relationships. Alf 16 courses had similarity relationships and, within that 
category, structural relationships. Most of the procedural relationships (83%) were 
found, however, in the five science courses as were a majority (54%) of the 'cdusdl 
relationships, whereas relationships in science courses represented 43% «Df the total 
relationships studied.. The social science courses hdd 62% of the idgicdl 
relationships although they represented 37% of the total reldtionships. All courses 
employed at least two kinds of reldtionships between the key concepts. Three 
courses, in the psychology of thinking, moral philosophy dhd cldssics^ used only 
slmildrity reldtidnships between the key cdhcejDts. Thus^ in some courses^ where 
simildrity reldtidnships ddmihdte, proximal methods cbufd make a contribution to 
the understanding of relationships^ albeit at the surface level of analysis. In other 
courses, and pdrticuldrly science courses, they would result in an inaccurate 
portraydl because many of the relationships between concepts are not based on 
proximity or similarity but on cbntingehey or dependency. 

Conceptual port rdydl and instruction 

Methods of conceptual portrayal for instructional purposes are essentially 
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methods of ihterpretqtidri arid rhUst take Into accoont the kinds of learning 
Intended to occur. One categbrlzatidh (Reigeloth et dl, 1583) divides the kinds of 
learning into four types: facts; concepts: principles, propositions or rules (Used 
here synbhymbuisly); and procedures or strategies for problem solving. Facts are 
considered tb be empirical and require minimal interpretation although they may 
require a serie;S of examples. Concepts, depending Upon how simple or complex 
they are and how concrete or abstract, will require d varying amount of 
Interpretation by such methods as attribute dhdiysis (Tiemdnn & Markle, 1 97S), 
feature analysis (Bever & RosenbdUm, 1971; Sbltis^ 1978) or network analysis 
(Preece, 1976, Rumelhdrt, Lindsay, & Norman, 1972^ §iavelson, 1974). Principals 
or propositions consist of reldtibhships between at least two concepts and introduce 
dh ddditiohdl . level of interpretation which involves methods such as semantic 
analysis, discourse analysis and text analysis (Frederiksen, 1975; Miller, 1971). 
Prdblern-soliving requires the use of all the analytic strategies used to interpret 
concepts and propositions applied to hovel situations (Egan & Greeno, 1974; 
Greenb, 1976, Newell & Simon, 1971). With reference to an instructiondl 
development model, then, conceptual portrayal provides a. basic building block dt 
a level micro-analytic to propositlonal analysis and problem^solving. 

Methods of conceptual portrayal have, however, been fdUhd to be highly 
usefol for instructional development purposes. Our work in course, content dhdiysis 
enabled us to explain wh>^ students experienced difficulty in certain courses, for 
example. In an applied social science course where students expressed confusion, 
examination of the tree structure showing highly cdmplicdted reldtibhships between 
the key concepts wds d clue to the difficulty. In the course students were 
expected tb problem solve using complex relationships between concepts when they 
were hot familidr with the concepts themselves. In a chemistry course, the key 
concepts were both more numerbus and more abstract than In other courses, but 
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also related to each other in ways uhexpected for chemistry courses^ so that 
students were required to make d major shift In learning strategy in ordfer to be 
successful in the course, A comparison of kinds of key concepts or of tree 
structures across courses suggested different teaching strategies. Matrix dhdiyses 
of the degree of relatedness ornong key concepts led to a reorientation in course 
structure. Although these methods have proved useful in diagnosing instructional 
problems; they suggest hypotheses rather than provide proof of a learning 
mechanism. 

The^ relat 4oflsh4p of knowledge structures to ledrhinq 

Hdw do we explain the reratidhship between knowledge structures and student 
ledrning? A recent dttempt to explain this relationship, elaboration theory, 
.suggests that retrieval from memory depends upon thg^ elaborateness of the 
network encoded dt comprehension (Anderson, 1 97S; Cdrsoh & Reigelofh, 1983; 
Jacoby & Graik, 1579; McGown & Miller, 1983; Toblds, 1583). The mechanism 
underlying ease of retrieval has been described as repeated subordinate referential 
cohepence (McGown & Miller, 1983). Our studies suggest that the references are 
not necessarily subordinate, nor must they be repeated, but that the essential 
feature is the coherence of the concept elaboration, where coherence is defingtf 
as the relationship of componerts in an integrated structure. This is closer to the 
idea of knowing the structural relations between elements in d ddmdin (BrUner^ 
I960; Greeno, 1976; Riley, 1984) which differentidtes between meaningful and rote 
learning and between successful problem solving dnd cddk-bobk application. Once 
dll the parts or cdhditidhs are known^ the concept or prbpbsitibn becomes a 
schemd ds Bdrtlett (1932) dnd RUmelhdrt & Ortony (1977) have described, d data ^ 
structure cdhtdihihg the network of interreldtidnships that is believed tb generally 
hold among its cbnstituents. : 
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The elaboration of a concisjDt should enable it to be reliably useful, without 
errors or ambiguities, so that it cdh be applied easily and flexibly.- Relf (1983) 
has pointed out that conceptual building blcibks xDr concept scherhas of this natu'-a 
are essehtmj. In the quantitative sciences. He has postulated a set of procedures 
fo^r' interpreting scientific concepts which would appear to have more general 
applicability. What is most relevant to our goal of representing knowledge 

^ structures is his attempt to interpret concepts by means of procedurd! 
specifications and the specification of concept values and independent variables. 
A procedural specification goes beyond a definition or informal description of a 
coreept by providing a step-by-step procedure specifying how to identify or exhibit 
the concept, thus being a precision of dn dperdtidndl def iriitidh. The specification 
of concept values clarifies the elements needed to specify the type of value and 
the unit or units df medsurement. The specification of indepehaent variables 
which dffect the concept sets the conditibhs or frdrhewbrk for applicdtldn of a 
concept dnd thus entrenches it in memory, Reif's specification procedures suggest 
more precise approaches to producing a coherent concept or a schema. We have 

; developed and tested different methods to provide this specification. Some focus 
on units or features and sorne on relationships. 

Application of conceptual analysis to a course 

To demonstrate the products of these* various methods df specif icdtidn dr 
analysis, I am going to use, as an example, d course which exhibits both strUctUrdI 
and dependent relationships, frequently in pdrdllel, dnd which employs cdricepts 
which are relatively novel to adults. It is dn intrdductdry Idw cdUrse on Tdrt^ 
from the latin for "wrong", in which knowledge df the key cdncepts cdrreldted 
sighif icdntly (.45, p<.dl) with student achievement in the cdUrse^ dnd in which 
students made a large gain in knowledge of the key concepts (389S) compared to 



8 



8 

the gain Vfl bthen cborses over a* t^wo-serriester period. A cbhtent analysis of 
concepts used in the course showed that there were 68 concepts specifically 
relevant to the course of which 1^ were key^ that is^ main or linking concepts. 
The key concepts were analyzed for their relative Importance, familidrity-, 
dbstractness and close relationships between them, the latter by means of d tree 
structure as seen in Figure I. 

Tpee structure dna lysis ^ 
Tree structure analysis hds been used to establish the network of 
relationships among concepts in d unit of instructional material- The method for 
creating a tree structure was to instruct the professor to link the two most 
closely relate key concepts, from the course, then to link the concept most closely 
related to one of them, and to continue until all key . concepts were linked 
(Shavelsoh, 1974). TTie resulting tree -structure showed the dominant relationships 
in the course. One drawback of the method was that it imposed sequentially 
greater limitations on the linkages, which would allow errors of bm'ssioh among 
the relationships between the key concepts. The analysis of the close 
reldtidnships, however^ provided a first stage of understanding of the pattern of the 
professor's thinking in d course. - 

The tree structure for the Idw course was headed . by the most irtipdrfdht 
concept in the course which was common law rnethdddldqy . This concept was the 
course goal and subsumed all other key concepts. The course pivoted, however, 
around the second and third most importahf concepts, iioBijity-for fau lt arid 
recovery- df- damages which were the key concepts linked mcs' closely. Anqlysis 
of their reldtioriship showed it to be logical according to the tdxdndmy of 
reldf ioriships: recovery of damages is conditional upon liability for fdult. 
Intention cU- tort , that is, intended wrongdoing, produces d kind of lidbility for 
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fault, and therefore has d structural reldtibhship, while it relates ^b recovery of 
damages in a condltionar Idgicdl rridhner^ that is, recbver>^ of ddrridges depends 
upon intent idhd I tort. The tree structure in figure I shows that foreseeabilty ruJej 
cdUsQtidn , ddmdqe dhd vicarious liability for fault relate to liability for fault and 
recovery of ddrhdges in d pdrallel manner, being subsets of li.abjiity for fault and 
detennihing whether there w\l\ be recovery of ddrnages. The remaining two key 
'Concepts are mitigating concepts of liability for fault. Unint ent^^GMiQl 'tort , or 
accident, would not be subsumed under liability for fault unless injury hdd- 
occurred. Public policy could change or adjust a decision which would dffect 
liability for fault. The pattern of relationships between key concepts in this 
course Js particularly coherent, showing high regularity compared to the patterns 
found in other courses, which suggests cdhsiderdble legal order. 

This first stage of dnd lysis provided d description of the dominant 
relationships in the course, dhd revealed dn orderly pattern, but oid not explain 
how or why the relationships hdd occurred. In order to more fully understand the 
deep structure of the concepts, three further methods of conceptual analysis were 
employed using the law course cdhcepts- ^ 

Attribute analysis 

Ear'y research oh concept format ion was based on the assumption that 
concepts consist of a group of attributes -Sruner, Gpodnow & Austin> 1956; 
Donald, J 963; Hovland, 1952). Determining which attributes were included in the 
concept was the process by which one formed a concept. The learner deduced d 
concept by comparing examples and non-^xdmples of the concept which either had 
or did^ not have the correct values of d set of dttributes. Tiemdnh & Markle 
(1978) applied this paradigm to the production of instrUctidhdi rhdteridls. Their 
method involved taking the most typicdl or central defihitibh of a concept, then 



isolating its properties to discover what was essential and what was hot essential 
to the concept. For each essishtidi property, or attribute^ the question was then 
dskedj 'Ms this property always the same or does it vary?" For example, for the 
^concept antonym , the part of speech would be a variable dtfributa because nouns, 
verbs, etc. could be dhtbhyrris. A crittcdl attribute was d property without which 
the concept would not exist. For example, to be an antonym, a word would have 
to hove a meaning opposite to the meaning of some other word. If a change were 
made in d critical attribute, the result would be a non-example. Examples and 
non-examples were then created to display different values of the variable 
attributes. ^ 
This analytic framework was applied to key concepts in the courses in our 
study. Concept definitions provided by the professor and students had been coded 
to reveal what constituted dh essential defiriitidh, dccdrding to the method used 
in the WAIS vdcdbuldry subtest. The coding dllowed for exdrhihdtidri df what 
constituted the defining characteristics df the key concepts. The most commdh 
problem in establishing critical attributes was tK»at of ihterdependencies found' 
between them, since the method assumed that the attributes would be mutually 
exclusive or independent factors. One solution was to excise superordindte 
attributes, that is, those critical attributes .for which a nonexample could not be 
found. For example, for the concept my^thical creature , Tiemann & Markle found 
that there were no nonexamples of the critical attribute "product of human 
invention", but that It would apply to all mythological creatures* This attribute 
was then listed as a superordinate attribute. 

o : 

A more serious problem with the method arose when an interdependency 

between the dttributes df d cdhcept wds discdvered which was not Only 

< ■ 1 - 

superdrdihdte but set d frdrhewdrk fdr thdt cdncept and others in the same course. 
For example, in the law course, fdr the cdhcepts lldbility fdr fdUlt and -recdvery 
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of ddrridges, several conditions obtained: theie had td be d persbh^ dn act 

corrirriitted, and ddmdges cdusedi The conditions constituted d set of reldtibriships 

rather than d set of attributes. A problem of the opposite nature arose for other 

courses when the concepts within a course were cdrripdred based on the attribute 

analysis. Because each concept was anal/zed independent 1/^ the critical attributes 

for related concepts did not reflect the inherent semantic relation*- between them* 

For example, in the course on the psychology of thint<ing the attribute analyses 

' of l anguage and symbolic system did now show parallel criteria, although the 

concepts are closely related in meaning. This had occurred because d consistent 

set of attributes had hot been used"- in ^ analyzing the concepts. Because of this 

_ ^ s 

l;dct< of consistency^ rejationships between concepts were buried-* To correct for 

these problems, we decided to broaden^ the framework of^ analysis and to focus on 

the set of generic features needed to categorize the concepts m a course (Bail in, 

in press). This set of features could be applied to individual concepl3 with the 

addition of differentiating or specifying features, yet would dlldw relationships 

between concepts to be discerned. 

Featq/e analysis * 

The method of feature dndlysis consisted of five steps. To begin, the 

Wittgensteinidn question was asked, "In what way is this crohcept used?" More 

._ . _ . . _ . __ _ ._ 

operationally, the question was "^yVhdt fedtures does the fuhctfbn of this concept 

imply?" For example, in the concept liability for fault, ^^re is a persortv: who 

commits an act which causes ddmdge to another per^orw- The two persons, the 

act, dhd the 'ddmdge dre implied features^ and the commission df^ the act and the 

causation of damage relate the features to each other. 

Second, each feature was given a letter label (Figure 2). A feature was 

considered to be generic rather thdrt specific, true on any occasion of use rather 

is 



thdri on C3 particular occc^ion. Third, a short description of ebch feature was 
Written referring tp^ the feature by its letter label. Each description was 
identified as a numbered statement. Fourth, whenever possible-, the relationships 
between features were stated in d numbered description. Fifth, whenever possible^ 
cbhseqUehces or dpplicdtibhs of the concept were identified -by a numbered 
^'efescriptibn. The description and relation statements were used for as rhahy 
ccxcepts as possible. This method allowed the relationships between key concepts 
In a course to be elucidated although the set of features used in one course could 
not necessarily be applied to another one. 

Application of the method to the law course revealed certain characteristics 
of the course not previously discerned. The number of descriptive statements 
ranged from six to ten, and were highly consistent across key concepts in the 
course (Figure 2). In fact, the first four statements were repeated In each of the 
feature analyses of the ten key concepts related in the tree structure. This shows 
a clear and tightly structured pattern of conceptudllzation in the course dnd 
sugge^sts a higher degree of codification, or regularity thdn the concept of common 
law, understood to be based on usage and custom, would suggest. A cdmpdrisdn 
of the feature dndlyses of the two pivot concepts in the course, liability for fault 
dhd recovery of ddrhdges, tevedled "the similarities dhd differences between them 
(Figures 2 & 3). The seven conditions of liability for fault were repeated for 
recovery of damages. The eighth descriptive statement, which was the 
consequence of the previous seven in liability for fault, became part of the 
features for recovery of damages. This reflects the relatibnsh^ip between the two 
concepts revealed in the tree structure: recovery of damages was condifibnal bpoh 
liability forefault in a logical relationship. ... 

Thus the feature analysis of key concepts in the law course revealed a 
tighMly structured, logically related set of concepts with a distinct set of central 
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features: two persons^ dri dctj dhd damage, whicFi pertained to all key concepts in 
: the course^ except the superdrdihdfe concept, common law methodology. The 
regularity displayed in the tree structure was repeated in this feature dhdiysis with 
two agditiohs. First, each key concept had a small number of features specific 
to it which could be considered elaborations or qudlificdtibhs of the pivot 
concepts. Second, a limitation of the treis structure was revealed by the analysis 
of the concepts unintentional tort dhd public policy. These concepts had been 
portrayed in the tree structure ds adjunct to the main set of relations, but the 
feature analysis shd\A/ed them to have d pattern similar to that of the other key 
cdhcepts in the course, suggesting a more central role for them. Thus the feature 
dhdiysis provided d more accurate specification of the relationships between key 
concepts in the course. 

Gould we expect the feature analysis of this course to provide a sufficiently 
:^ elaborate or cbmprehehsive pattern for retention and application? This question 
can be tested. But our investigation reveals that the analysis provides dh 
abstraction, a skeleton of the operating conditions. It does hot show the dctUdI 
Instances or cases in which the relationships bet\A/eeh features occur dhd could 
r therefore not be expected to provide d sufficiently eldbdrdte ihstrUctidhdl sequence 
by itself. It could well, however, dct ds d syhthesizer for such d sequence. In 
conjunction with a "set of cases, it would provide dh drgdhizer and an operational 
definition which would effect closure of medhihg, dhd thereby curtail ambiguity. 

Network analysis 

Network- dhdiysis is the dhdiysis of the structure of reldtidhs among the 
components in d. given domain. In the social sciences d network !s defined as a 
specific type of relation . linking a defined set of persons, objects or events 
(Mitchell, I9S9). The set of persons, objects, or events may be called actors or 
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nodes, and possess' dh dttribute or attributes in common (Knbke & Kukliriski, 1982). 
The cdhfigurdtioh of present and absent reidtibris dmdrig, the nodes reveals a 
specific network structure which may vary from loosely to tightly linked and from 
hierarchical to cluster to linear in form. It is assumed that the structure of 
relations arhong nodes and the location of the nodes have important consequences 
both for the individual units and for the system as a whole. 

The dppllcdtloh of network analysis to knowledge structures should, then, hot 
only allow the relationships between concepts to be studied but should also suggest 
consequences or strategies deriving* from the structures. The tree structure was 
a crude form of network which allowed the relationships between dominant 
concepts or nodes in the course to be examined. The structure of relations 
bet\veeh concepts suggested learning strategies. For example, in courses displaying 
tight^ hierarchical conceptual tree structures as in the physics course, it would be 
expected that learning would be ah all-br-none phenomenon, y/ith the structure 
itself assuming importance in the learning process. ^iVhere a course was structured 
in d cluster formation with centra! pivot concepts it would be expected that the 
pivot concepts would be critical for success in the coufseT^For loosely linked 
concept structures, one would expect knowledge of the individual concepts to be 
more important than the structure Itself for ienrnlng. 

A coherent conceptual network cduld be developed from the fedture dndlysis 
0\ individual key concepts, showing the reldtionships bet\veen fedtUres of the 
concept. In the network produced by this method, reldtions between nodes varied, 
however, creating d closed didgrdm of some complexity, the diagrams created by 
this method clearly showed the components of the concept dnd their relationships. 
Rgure 4, the conceptual network of lidbility for faulty is shown to consist of three 
nodes connected by directed lihes^ revealing the cbritingehcies within the cbricept. 
The consequence of the concept is then diagrammed outside the box but cbririected 
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the box but cbhhected to it by the cohtihgehcy link **then"i In comparison with 
the cdhceptudl network didgrqrnrned for liability for fault, that for recovery of 
damages is shown to be complete within itself, that is, not having external 
consequences (Figure 5). This reflects the form:of the feature analysis and also 
its logical relationship to Jiability for fault. Figure 5 also reflects the two 
situations which may pertain by means of two boxes. The conceptual networks ds 
diagrammed show more clearly the kinds of features and relations that constitute 
each concept. The similarities and differentiating features also assume 
prominence, providing d highly sdlierit expldndtibn of concepts in the course and 
how they reldte. I 

The ddditidhdl ihstructidndl value of this method of portrayal could be 
expected to be c ledrer presentation of fedtures dnd relatidhships with dn 
equivdient fedoctidh in drnblgolty. This rnethdd should rneet the criterio postulated 
by Reif (1983) for Interpreting a cdncept by rnedns oF procedural specifications 
and independent variables or conditions but examples would be required to specify 
concept values. The methods of feature and network analysis described here thus 
fulfill fwo of the three major procedures for specifying a concept. With the 
addition of examples, the products of these analyses could Be expected to provide 
a sufficiently coherent elaboration to ensure meaningful and retrievdble learning. 

In summary, it is possible to develop dnd cdmpdre .nethdds of portrdying 
knowledge structures on the bdsis of their ihstructidndl consequences. Edrlier 
methods such as tree structures and semantic dndlysis revedled certdin dspects of 
instructional domdins dnd explained learning difficulties in the content dred. More 
refined methods offer the possibility of eldbdrdtihg d cbhcept so that its 
cbhstitutibh can be Understood. CohceptudI netwbrks bdsed oh feature dhd lysis 
hdld the promise of coherency dhd thus of acting ds syhthesizers or cbnceptudi 
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organizers which should. reduce ambiguity and error in ledrhirig. 
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Table 1 

Taxonomy of Relationships Between Cdricepts 



Similarity Relationships 



associ ati ve : 

concepts are contiguous 
descriptive of each other 

functional : 

eoncej)ts have a similar 
outcome or purpose 



structural : 

concepts have ataxondmic or 
hierarchical relationship such 
as a subset^ inclusion, or kind 
or parts relationship 



1 iberal ism and pi ural ism (history) 
noise and critical band (physics) 



long term memory and schema (psychology) 
morality and virtue (english) 

liabilityV for fault and vicarious liability (la 
central processing and long term memory 
(psychol ogy ) 



Dependency Relationships 



procedural : 

concepts are ordered or 
sequenced as for steps, 
progression or prerequisites 



logical^^ 

concepts have a logical or 
conditional order 

causal : 

concepts .have ah explicit 
cause-ef feet rel ationshi p 



experimental techniques and analysis of data 
(biol ogy ) 

vibration frequency and superposition of 
waves (physics) 



1 iabi 1 ity_ for fault and recovery of damages (lav 
industrialization and 1 abor ( his tory ) 



flight and success of insects (entomdl ogy ) 
migration and urbanization (history) 



IB 



Ebmmbn Law Methodology 




Vicariotis liability 



Figure 1. Tree Structure of Law Course 
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If X- is liability Tor fault then: 

if (i) uhere is a person ^ 

(i i ) there i s an act z- 

(iii ) £ commits £ 

(i.v) there is damage a_ 

(v) there is a person w 

( vi i } ^ is at faul t 



then 



(viii) ^ can recovery damages for i from 



Figure 2- . Feature analysis of liability for fault 
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If X- IS recovery of damages then: 

(i) . there is a person ^ 

{ l i ) there is an act i_ 

(iil) ^ commits z_ 

(•tv) there is damage §- 

(v) there is a person w 

( vi ) causes a_ to w 

(vii ) \^ i 5 at fault 

(viii) ^ recovers damages for a_ from y 



OR 



(ix) if there is a person b- such that b- is vicariously 

liable for z^, then w recovers damages from -b- 



c4pn>.p 3^ Feature analysis of recovery of damages. 
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. commits 








^ A n't 7l 


at fault 


i 

causes 4 
j 

' . _ _ ^ _ 












! ITHEN 






-i i 






Person y 






compel 1 ed to 


make 




compensatory 






payment 





Figure 4 . Conceptual network of liability for fault. 
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[ PersQn y 



commits 



— -> Iftc^ 

fault 



recovers causes . 

damages 

I - 

to 



IPersdn wj — — . Bamaqe a 



Pers-Oru^^ 



commits 



I (Person bj 




[Act z. 



causes 



recovers- 

damages 

from 



Person wi -S?--. jPamag^^ 



Figure 5 CbriceptUal networks of recovery of damages. 
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